Sexual behavior is a natural reward for many rodent species, and it often includes chemosensory-directed components. Chemosensory stimuli themselves may also be rewarding. Conditioned place preference (CPP) is one paradigm frequently used to test the rewarding properties of a range of stimuli. Males and females of several rodent species show a CPP for sexual behavior; however, it is currently unknown whether sexual behavior can induce a CPP in male Syrian hamsters. As male Syrian hamsters are an animal model commonly used for investigation of the neurobiology of sexual behavior, understanding the rewarding components of sexual stimuli will better direct future research on brain regions and neurotransmitters involved in these behaviors. Experiment 1 tested the prediction that male hamsters show a CPP for sexual behavior. Female chemosensory stimuli are essential for the display of sexual behavior in male hamsters; however, the rewarding properties of female chemosensory stimuli contained in vaginal secretions (VS) are uncertain. Therefore, experiment 2 tested the prediction that male hamsters show a CPP for VS. This study is the first demonstration that both sexual behavior and VS induce a CPP in male hamsters. Thus, female chemosensory stimuli are a natural reward in a species that is dependent on these stimuli for reproductive fitness.
Introduction
Sexual activity is an effective natural reward in rodents; male rodents approach and prefer opposite sex conspecifics and perform operant behavior tasks for sexual stimuli (Agmo, 2003; Crawford et al., 1993; Everitt, 1990; Murphy, 1973; Paredes, 2009) . Another paradigm used extensively to assess the rewarding properties of a range of stimuli is conditioned place preference (CPP) (Schechter and Calcagnetti, 1993; Tzschentke, 1998 Tzschentke, , 2007 . CPP is a form of classical conditioning in which animals develop a preference for a distinctive environment associated with a rewarding stimulus such as an addictive drug, food, water, copulation, and other social behaviors (Kelley and Berridge, 2002; Pfaus and Phillips, 1991; Robbins and Everitt, 1996; Schechter and Calcagnetti, 1993; Tzschentke, 1998 Tzschentke, , 2007 . CPP procedures have demonstrated the rewarding value of sexual behavior in male and female rats and mice and in female hamsters (Agmo and Berenfeld, 1990; Agmo and Picker, 1990; Hughes et al., 1990; Mehrara and Baum, 1990; Miller and Baum, 1987; Popik et al., 2003; Harding and McGinnis, 2004; Kippin and van der Kooy, 2003) . Specific components of male sexual behavior, including somatosensory stimuli resulting from intromission and ejaculation, are rewarding in and of themselves (Agmo and Gomez, 1993; Kudwa et al., 2005; Tenk et al., 2009) . Chemosensory stimuli encountered during sexual behavior may also be rewarding, but this component of sexual interactions has not been as thoroughly investigated. Of the several rodents species for which sexual behavior induces a CPP, only mice are known to show a CPP for volatile (but not nonvolatile) chemosensory stimuli derived from the opposite sex (Agustin-Pavon et al., 2007; Martínez-Ricós et al., 2007; Pankevich et al., 2006; Pierman et al., 2006) .
Male Syrian hamsters are ideal for investigating the rewarding properties of chemosensory stimuli because hamsters are unique from rats and mice in their utter reliance on female chemosensory stimuli for the initiation of sexual behavior (Coppola and O'Connell, 1988; Johnston, 1986; Murphy and Schneider, 1970) . For example, olfactory bulb removal eliminates odor preferences and copulatory behavior in sexually experienced male hamsters (Murphy and Schneider, 1970; Petrulis, 2009; Petrulis and Johnston, 1995; Powers and Winans, 1975) . Vaginal secretions (VS) are the primary source of female chemosensory stimuli (Murphy and Schneider, 1970) . Sexually naïve male hamsters show an unconditioned attraction to VS (Johnston, 1974; Landauer et al., 1977) and a preference for VS over male odors (Maras and Petrulis, 2006) . In fact, VS are such powerful stimuli that male hamsters will mount another castrated or anesthetized male scented with VS (Johnston, 1986; Murphy, 1973) . The data showing that female chemosensory stimuli are strongly attractive to male hamsters suggest that neural processing of female chemosensory stimuli encountered during anogenital investigation may be a specific component of sexual behavior that is rewarding for male hamsters (Wood, 2004) . Surprisingly, however, male hamsters fail to bar press for female hamster VS, but operant conditioning may not have been Hormones and Behavior 58 (2010) [410] [411] [412] [413] [414] well-suited to detect responses for VS (Coppola and O'Connell, 1988) . Whether sexual behavior or its components can induce a CPP in male Syrian hamsters is unknown.
Syrian hamsters are an animal model that has yielded important insights into the mechanisms underlying the integration of sensory stimuli and hormones that are crucial to the expression of appropriate behaviors during sexual and social interactions (Petrulis, 2009; Sato et al., 2008; Wood, 2004) . As we continue to investigate the neurobiology underlying sexual behavior using this model, we must determine whether sexual behavior and related chemosensory stimuli are rewarding to better direct research on brain regions and neurotransmitters involved in these behaviors. To assess the rewarding components of sexual behavior in the male Syrian hamster model, experiment 1 tested the prediction that male hamsters demonstrate a CPP for sexual behavior, and experiment 2 tested the prediction that male hamsters demonstrate a CPP for VS. The present study is the first to report that both sexual behavior and VS alone induce a CPP in male hamsters.
Methods

Animals
Forty sexually naïve adult male Syrian hamsters (Mesocricetus auratus) obtained from Harlan Sprague-Dawley laboratories (Madison, WI) were experimental subjects. All testing began when hamsters were 61-70 days old. Twenty-eight ovariectomized adult female hamsters, approximately 12 months old, were primed with estradiol benzoate and progesterone, 52 h and 4 h, respectively, prior to use as stimulus females. Before use in experiment 1, the females were tested for receptivity by placing a nonexperimental, sexually experienced male from our colony in a female's home cage until the female showed lordosis but before the male achieved an intromission. All hamsters were singly housed in clear polycarbonate cages (30.5 × 10.2 × 20.3 cm) with ad libitum access to food (Teklad Rodent diet no. 8640; Harlan, Madison, WI) and water. Male and female hamsters were housed in separate temperature-and humidity-controlled vivaria with a reversed light-dark cycle (14:10; lights off at 1400 h). Hamsters were treated in accordance with the National Institute of Health Guide for Care and Use of Laboratory Animals, and protocols were approved by the Michigan State University Institutional Animal Care and Use Committee.
Experimental design
Place preference conditioning occurred in an apparatus with three distinct compartments (Med Associates, St. Albans, VT). The middle compartment (12 ×21 ×21 cm) was gray with a smooth Plexiglas floor and was connected to the two outer compartments (28×21×21 cm) by manually controlled sliding guillotine doors. One outer compartment was white, with metal grid flooring. Fresh pine pellets were placed in the waste pan beneath the floor before each conditioning session. The other outer compartment was black, with black scalloped solid Plexiglas flooring, and scented with a 2% glacial acetic acid solution swabbed along the top of the walls and ceiling before each conditioning session. These contextual cues were used in both experiments 1 and 2 because we felt that that an olfactory contextual cue was important for this olfactory-oriented species and would not interfere with conditioning for VS. Pilot experiments determined that these conditions reduced initial preferences for one or the other compartment. Time spent in each compartment was recorded using MED-PC software connected to infrared photobeams spaced at 5-cm intervals along the bottom of the apparatus. All conditioning and tests were conducted under dim red light at least 1 hour into the dark phase.
An initial place preference test, here called the pretest, was used to determine each hamster's initial compartment preference. Following a 5-min habituation period in the middle gray compartment, the doors were raised and the hamster could move freely throughout the apparatus for 15 min. The outer compartment in which the hamster spent the most time was defined as the initially preferred compartment. Experimental and control groups, n=10/group, were matched such that average initial preferences were similar across the groups. Following the pretest, the hamsters received a series of 30-min conditioning sessions, one session per day on consecutive days. Stimulus-paired (sex behavior, SB; or vaginal secretions, VS) or no-stimulus conditioning sessions occurred on alternating days, beginning with the no-stimulus conditioning session. Although three stimulus-paired sessions were sufficient to induce a CPP for SB (experiment 1), in a pilot study using similar procedures, three stimulus-paired sessions were insufficient to induce a CPP for VS. Therefore, in experiment 2, we increased the number of stimulus-paired sessions to five with the idea that more exposure to VS would lead to a CPP. During the no-stimulus conditioning sessions, hamsters in both the experimental and the control groups were taken directly from their home cages and placed into their initially preferred compartments, where they remained alone for 30 min. During stimulus-paired conditioning sessions, hamsters in the experimental group were taken from their home cages, placed in the initially nonpreferred compartments and given access to SB or VS. The hamsters in the control group were also placed in their initially nonpreferred compartments but were not given the stimulus so that their experiences in the two compartments were comparable. The CPP apparatus was cleaned thoroughly with 25% ethanol following each conditioning session and test. Twenty-four hours after the last conditioning session, hamsters were tested for their place preference following the same procedure used for the pretest.
Experiment 1: CPP for sexual behavior
In experiment 1, the stimulus tested for its rewarding value was sexual behavior with a receptive female hamster. In the SB-paired conditioning sessions, a female was placed into the compartment immediately before the male. Hamsters were observed for the duration of these sessions to verify that each male performed sexual behavior. They engaged in bouts of sexual behavior, including ejaculations, throughout the 30-min session, although behavior was not quantified. Hamsters in the control group were alone in compartments for both conditioning sessions, while hamsters in the SB group were alone in the compartment during the no-stimulus sessions. Six total conditioning sessions occurred, including three no-stimulus and three stimuluspaired sessions. The experiment took place over eight consecutive days including the pretest and test days.
Experiment 2: CPP for vaginal secretions
Experiment 2 was similar to experiment 1, except the experimental stimuli tested for rewarding value were VS. VS were collected by vaginally palpating 14 hormone-primed female hamsters approximately 2 hours before conditioning sessions began. Because both volatile and nonvolatile components of VS have important, and potentially different, roles in male hamster sexual behavior, the paradigm was designed to ensure that both were present throughout the conditioning session. Several pilot studies were performed to determine the optimal method for VS delivery, including cotton swabs and Eppendorf tubes. The latter proved to be the most effective at keeping VS moist and allowing for continued exposure to volatile cues throughout the conditioning session. Approximately 20 μl of VS were applied to water-moistened cotton gauze packed into a 2-ml Eppendorf tube. The tube was out of reach of the male, taped to the top of the back wall of the initially nonpreferred compartment in VS-paired conditioning sessions for the VS group. Empty Eppendorf tubes were used for the control group in all conditioning sessions and for the VS group in the no-stimulus conditioning sessions. To ensure exposure to nonvolatile components of VS, the remaining VS were mixed with 1.5 ml of mineral oil (see Woodley and Baum, 2004) , and approximately 50 μl of this mixture was applied with a metal spatula directly onto the nose of the hamsters in the VS group immediately before being placed in the VSpaired compartment. The concentration of VS used in this experiment far exceeds that which is attractive to male hamsters but mimics the amount available to a male hamster upon anogenital investigation of an estrous female . Clean oil was applied to the nose of hamsters in the control group for all conditioning sessions and in the VS group for no-stimulus conditioning sessions. Ten total conditioning sessions occurred, including five no-stimulus and five stimulus-paired sessions. The experiment took place over 12 consecutive days including the pretest and test days.
Data analysis
To assess whether the stimuli (experiment 1 SB; experiment 2 VS) induced a CPP, data from the pretests and final tests were used to calculate a preference score, defined as time in the stimulus-paired compartment/ (time in stimulus-paired compartment+ time in nostimulus compartment), and a difference score, defined as the time in the no-stimulus compartment− time in the stimulus-paired compartment (Dominguez and Hull, 2005; Martínez and Paredes, 2001; Meerts et al., 2010; Clark, 2007, 2009a,b,c; Meisel and Joppa, 1994; Parada et al., 2010; Paredes and Alonso, 1997; Tenk et al., 2009 ). Paired t-tests were used to evaluate the change in preference score and difference score pre-and post-conditioning, and the alpha level was set at p b 0.05 (Martínez and Paredes, 2001; Meerts et al., 2010; Clark, 2007, 2009a,b,c; Meisel and Joppa, 1994; Parada et al., 2010; Paredes and Alonso, 1997; Tenk et al., 2009) . One methodological concern when using CPP is that the change in time spent in the compartments may be due to habituation across the conditioning sessions. This concern was addressed in these experiments by the use of the control group that received the same experience in the testing apparatus without any stimulus pairings (Meisel and Joppa, 1994) .
Results
Experiment 1: CPP for sexual behavior
Male hamsters in the sexual behavior group showed a CPP for the SBpaired compartment, whereas control hamsters did not (Fig. 1) . Paired t-tests showed that the preference score increased significantly for the SB group, t(9) = −4.26, p b 0.01, but not the controls, t(9) = .49, p = 0.63. Likewise, the difference score decreased significantly for the SB group, t(9) = 4.11, p b 0.01, but not the controls, t(9) = −.54, p =0.60.
Experiment 2: CPP for vaginal secretions
Male hamsters that were given VS showed a CPP for the VS-paired compartment, whereas control hamsters did not (Fig. 2) . Paired t-tests showed that the preference score increased significantly for the VS group, t(9) = −2.772, p b 0.05, but not the controls, t(9) = −0.89, p = 0.40. Likewise, the difference score decreased significantly for the VS group, t(9) = 0.35, p b 0.01, but not the controls, t(9) = 2.07, p =0.07.
Discussion
The present study is the first to demonstrate that male Syrian hamsters show a CPP for both sexual behavior with a receptive female hamster and VS, reinforcing the concept that sexual activity is a strong natural reward for male rodents (Pfaus and Phillips, 1991) . Moreover, the CPP for VS indicates that female chemosensory stimuli are an unconditioned reward to male hamsters because the males were sexually naïve and VS had not been previously associated with sexual activity. Fewer conditioning sessions may be needed to induce a CPP for sexual behavior than for VS because the additional somatosensory, auditory, and visual aspects likely contribute to the rewarding properties of sexual behavior. However, differences in VS stimulus intensity when presented by an experimenter versus by a female hamster during a sexual encounter may also be a factor. The present Fig. 1 . Mean ± SEM preference score (top) and difference score (bottom) on pretest (gray bars) and test (black bars) for control and SB groups, n = 10 per group. Asterisks indicate that the SB group showed a CPP for the compartment associated with sexual behavior; there was a significant change in preference score and difference score for the SB group but not control group, p b 0.05. Fig. 2 . Mean ± SEM preference score (top) and difference score (bottom) on pretest (gray bars) and test (black bars) for control and VS groups, n = 10 per group. Asterisks indicate that the VS group showed a CPP for the compartment associated with VS; there was a significant change in preference score and difference score for the VS group but not control group, p b 0.05. data agree with those from mice showing that chemosensory stimuli are rewarding (Agustin-Pavon et al., 2007; Martínez-Ricós et al., 2007; Pankevich et al., 2006) . Mice are also sensitive to chemosensory stimuli in certain reproductive contexts (e.g., pregnancy block and puberty acceleration; Bruce, 1959; Vandenbergh, 1973) . Together, the findings from hamsters and mice suggest that the behavioral salience and rewarding value of a chemosensory stimulus may be positively correlated.
Rewarding components of VS
The specific compounds in VS that are rewarding remain to be identified. The chemosensory stimulus used in the present study contained both volatile and nonvolatile components. The volatile component of VS, dimethyl disulfide, is thought to promote anogenital investigation of the female (Macrides et al., 1977; Pfeiffer and Johnston, 1994; Singer et al., 1976) , whereas the nonvolatile component, aphrodisin, is thought to stimulate sexual arousal and copulatory behavior (Macrides et al., 1977; Singer et al., 1987 Singer et al., , 1984 . Generally speaking, the different components bind different receptors; volatile olfactants bind receptors located in the main olfactory epithelium (MOE), whereas nonvolatile molecules bind those in the vomeronasal organ (VNO) (Keller et al., 2009; Keverne, 2004; Meredith, 1991; Rowe and Edwards, 1972) . In male hamsters, the VNO is important for the display of sexual behavior and plasma testosterone responses to VS (Meredith, 1986) . MOE lesions have little effect on sexual behavior, whereas VNO lesions alone reduce sexual behavior in sexually naïve male hamsters; combined lesions completely eliminate male courtship and sexual activity (Powers and Winans, 1975) . The accessory olfactory system also appears to be critical for chemosensory reward in mice (Agustin-Pavon et al., 2007; Martínez-Ricós et al., 2007; Pankevich et al., 2006) . Although additional studies are needed to pinpoint the specific components of VS and their site of action that lead to a CPP in male hamsters, the literature suggests that the accessory olfactory system is important to motivate sexual behavior in male hamsters.
Neural mechanisms of sexual reward
Dopamine (DA) and opioids have both been implicated in the rewarding aspects of rodent sexual behavior. DA is released in the medial preoptic area MPOA acronym unnecessary and nucleus accumbens following copulation and exposure to chemosensory stimuli in male rodents (Asmus and Newman, 1994; Balfour et al., 2004; Damsma et al., 1992; Mas et al., 1990; Meisel et al., 1993; Mitchell and Gratton, 1992; Pfaus et al., 1990; Sato et al., 1995; Schulz et al., 2003; Wenkstern et al., 1993) . In fact, the medial preoptic area DA release in hamsters requires exposure to female chemosensory stimuli (Triemstra et al., 2005) , further reinforcing the obligatory nature of chemosensory stimuli for sexual responses in this species. DA is implicated in CPP for sexual behavior in hamsters, as CPP induced by sexual behavior in female hamsters is blocked by administration of a D 2 receptor antagonist (Meisel et al., 1996 , but see Agmo and Berenfeld, 1990; Agustin-Pavon et al., 2007 , for different findings in other rodent species). Opioid receptor activation has also been observed after male rat copulation (Balfour et al., 2004) . Studies on the role of opioids in sexual reward have consistently shown that opiate receptor antagonists block CPP for sexual behavior in male rats (Agmo and Berenfeld, 1990; Agmo and Gomez, 1993; Mehrara and Baum, 1990; Miller and Baum, 1987) . Although opioids may modulate DA activity in reward-related responses in male rats (Balfour et al., 2004) , more research is needed to determine the role of dopamine and opioids in mediating the rewarding value of female hamster VS to male hamsters. Testosterone (T) is another potential mediator of chemosensory reward because sexual stimuli elicit an acute increase in plasma T (Romeo et al., 1998; Pfeiffer and Johnston, 1994) , and T is intrinsically rewarding. For example, hamsters self-administer intracerebroventricularly delivered T (Wood, 2004) , and rats and mice show a CPP for systemic T injections (Alexander et al., 1994; De Beun et al., 1992; Arnedo et al., 2000) . In addition, castration prevents formation of CPP for an estrous female rat (Harding and McGinnis, 2004) . Thus, the sex-and VS-induced increase in T in hamsters (Romeo et al., 1998; Pfeiffer and Johnston, 1994) may be a neuroendocrine response that contributes to the rewarding aspects of these stimuli.
In summary, adult male hamsters show a CPP for sexual behavior and VS, indicating that the chemosensory stimuli encountered during anogenital investigation is one specific component of sexual behavior in male hamsters that is rewarding. It is noteworthy that the chemosensory stimuli are rewarding in both hamsters and mice, as the animals had never before associated the chemosensory stimuli with sexual behavior. Both these species are heavily influenced by chemosensory stimuli in different aspects of social behavior, suggesting that there may be an evolutionary connection between the dependence on these stimuli for social behaviors and their intrinsically rewarding properties.
